INTRODUCTION Mitral valve regurgitation (MR) is a common abnormality found on echocardiography which in its advanced stage is a major cause of congestive heart failure. Cardiac remodeling associated with MR is caused by volume overload, dilatation and enlargement of the left ventricle and atrium.
INTRODUCTION Although occurrence of valvular heart disease is less frequent than coronary artery disease or arterial hypertension, it remains an important clinical issue. Valvular disease is still a common pathology characterized by a progressive course which in advanced stages may require surgical intervention. However, early administered appropriate treatment may improve the patients' survival and the quality of their lives. On the other hand, incomplete diagnostic evaluation or inappropriate therapy may lead to chronic heart failure and shorter survival. 1 Data from the Heart Disease and Stroke Statistics (2007 Update) of the American Heart Association 2 showed that in the United States valvular heart disease causes 20,000 deaths per year (62% are related to aortic and 14% to mitral valve defects). Among people between 26 and 84 years valvular heart disease affects 2% of the general population with the same prevalence in men and women. Moreover, valvular disease is one of the most common causes of heart failure and sudden cardiac death in this population.
Since when echocardiography was widely introduced to clinical practice, a large population of patients with asymptomatic or clinically nonsignificant valvular heart disease has been detected. 3 Echocardiography enables the diagnosis of valvular diseases and help determine their causes. It is also the optimal method for evaluating progression of the disease and the most useful tool in qualifying for surgery. The 2006 American College of Cardiology and American Heart Association (ACC/AHA) guidelines on the management of patients with valvular heart disease include recommendations for the role of echocardiography In MR, hemodynamic disorders result from retrograde flow of blood from the left ventricle to the left atrium. It causes volume overload, enlargement and distension of both left chambers of the heart and the increase in mass of left ventricular (LV) muscle, which is the result of the hypertrophy of existing cardiomyocytes rather than hyperplasia. Increasing volume overload in MR causes myocyte lengthening by sarcomer replication in series, and increases ventricular mass. These changes are initially compensatory, but chronic hypertrophy may be deleterious, because it increases the risk for the development of heart failure and premature death. 9 The present paper assesses the relationship between MR and the degree of LV hypertrophy. This issue seems to be very important because of the occurrence of MR in the general population and serious clinical implications of cardiac hypertrophy, e.g. as an independent risk factor for cardiac morbidity and mortality. 10 LV hypertrophy is a predictor of sudden cardiac death, myocardial infaction and heart failure. 11, 12 PaTIeNTS aND meThODS Echocardio graphic examinations were conducted from January 1997 to December 2003 in the 2nd Chair and Department of Cardiology, the Medical University of Lodz, Poland. The analysis included 1432 patients hospitalized in the Department for MR. In the study group there were 788 males (55%) and 644 females (45%) aged from 16 to 88 years (mean age was 54 ±15 years). Patients with arterial hypertension and aortic stenosis were excluded from the study. Each patient underwent full physical examination with blood pressure measurement on the day of the echo examination. In the study group a percentage of concomitant diseases obtained from a medical history of each patient was as follows: ischemic heart disease (68%), a history of myocardial infarction (59%), heart failure (20%), atrial fibrillation (10%), chronic obstructive pulmonary disease or asthma (9%), chronic renal failure (8%), a stroke (7%), thyroid disease (5%). Patients were taking statins (95%), antiplatelet drugs (acetylsalicylic acid, ticlopidin) (93%), angiotensin-converting enzyme inhibitors (89%), β-blokers (88%), long-acting nitrates (35%), calcium antagonists (20%), diuretics (25%), antiarrhytmic drugs (13%).
Transthoracic echocardiography with evaluation of all anatomical and functional cardiac parameters was performed according to the recommendations of the American Society of Echocardiography (ASE) with the use of the Acuson Sequoia, Acuson 128 XP, Vivid 7. 13 The investigation conformed with the principles outlined in the Declaration of Helsinki. 14 The degree of mitral valve insufficiency was estimated with the 4-grade ASE scale. 15 The study group was divided into four subgroups according to the degree of regurgitation. The subgroup with the 1st degree of MR consisted of 59% of cases, the 2nd degree -27%, the 3rd -11%, the 4th in diagnosis and management of patients with mitral valve regurgitation (MR). 4 According to the Euro Heart Survey on Valvular Diseases the prevalence of MR is the second most frequent pathology found during echocardiographic examination, diagnosed in about 25% of the study group. The most common valvular pathology is aortic stenosis present in about 34% of patients from the study group. 5 At least a mild degree of regurgitation through mitral valve is observed in about 20% of patients during echocardiography examinations. Its occurrence is similar for both genders and increases with age. 6 In the review of 3486 subjects in the Strong Heart Study, moderate or severe MR was found in 1.9% and 0.2% of them, respectively. 7 MR may be the result of a primary abnormality of the valve apparatus or may be secondary to other cardiac diseases. Enriquez-Sarano classified MR in 2 subgroups: with ischemic and other than ischemic (non-ischemic) etiology. 8 According to data from the Euro Heart Survey degenerative valvular changes were the most common cause of MR (61.3%), followed by rheumatic heart disease (14.2%) and ischemic heart disease (7.3%). can be plotted against LV endsystolic diameter to give an index of contractility independent of loading conditions. It was calculated from Grossman's formula by coupling measurement of blood pressure (cuff method) with simultaneous M mode recordings guided by 2-dimensional echocardiography.
Endsystolic stress [103 dyne/cm2] = 0.334 × SBP × LVESD/PWT × (1 + PWT/LVESD), where SBP -systolic blood pressure, LVESD -left ventricular endsystolic diameter, PWT -posterior wall thickness). 16, 17 ReSUlTS In the study group patients with the 1st degree of MR were the largest subgroup (59%). The 2nd degree of MR was recognized in 27% of patients, the 3rd in 11% and the 4th in 3% (TaBle, FIgURe 1) . The measurements showed that in particular the diameter of the left atrium (mean ±standard deviation [SD]) was for the 1st degree 39 ±15 mm, the 2nd -39 ±5 mm, the 3rd -50 ±9 mm, and the 4th -58 ±14 mm, respectively (TaBle, FIgURe 2) . Diameters of the LV were measured in systole and diastole. The LV diameter was increasing in subsequent degrees of MR both in systole and diastole (TaBle) . Ejection fraction (EF) was reduced in patients with more advanced stages of MR (TaBle, FIgURe 3 ). Mass of LV muscle (mean ±SD) was increasing with a rise of MR degree. In the subgroup with the 1st degree of MR the average mass was 222 ±69 g, the 2nd -241 ±78 g, the 3rd -292 ±105 g, and the 4th -338 ±128 g, respectively (TaBle, FIgURe 4) .
The multivariate regression analysis revealed that the degree of MR (p <0.0001), age (p <0.0001), endsystolic stress of the LV -3%. Degenerative changes of the valve were the most frequent cause of MR observed in about 71% of cases. Mitral valve prolapse was diagnosed in about 13% of patients. Ischemic heart disease was the cause of MR in about 12% of patients. Left ventricular ejection fraction (LVEF) was calculated according to the 2-dimensional Simpson's rule. LV hypertrophy was expressed as LV mass (g) which can be evaluated using the Penn's equation: 1.04 × [(IVS + LVEDD + PWT)3 -LVEDD3 -13.6], where IVS is interventricular septal wall thickness in diastole, LVEDD -left ventricular enddiastolic dimension, PWT -posterior wall thickness in diastole. Echocardiographic criteria for LV mass normal upper limits of LV mass are 259 g for males and 166 g for females. 9 Endsystolic stress (ESS) of the LV is a quantitative index of true myocardial afterload that Values are presented as standard deviation ±mean or number of patients.
Abbreviations: EF -ejection fraction, IVS -interventricular septum, LV -left ventricle, MR -mitral valve regurgitation
FIgURe 3 Ejection fraction in subgroups with consecutive degree of mitral valve regurgitation (n = 1432) from the Euro Heart Survey on Valvular Heart Disease where degenerative valve changes were the major cause of mitral valve defects, followed by rheumatic heart disease and then ischemic heart disease. 5 Data from many trials indicate that increased LV mass is the strongest and independent risk factor for mortality and morbidity from cardiovascular causes. 19, 20 The present study found a statistically significant relation between the degree of MR and the mass of the LV. It was observed that the LV mass is greater when a greater retrograde blood flow occurs. According to the measurements of LV mass the significant hypertrophy of the left ventricle was observed in patients with the 3rd and the 4th degree of MR. Increased mass of the left ventricle in MR is a sign of LV hypertrophy caused by volume overload.
Greater LV mass in more advanced stages of MR is the evidence that this condition has an influence not only on the left atrium and pulmonary circulation, but also on the left ventricle with its consequences like a decrease in EF. In the current study, lower EF was observed in the 2nd and more severe stages of MR. It is consistent with observations presented in the study by Carabello et al. who revealed that when MR exists even slightly decreased EF can be a signal of a severe dysfunction of the LV muscle. 1 Furthermore, a decrease in LVEF occurring as early as in mild and moderate stages of MR may be primary to ischemic etiology of MR -about 12% of patients from the study group had ischemic etiology of MR.
According to Gaash et al. 21 during the transition from compensated to decompensated MR, the ventricle progressively enlarges and systolic function declines. Despite this fact, LVEF tends to remain "normal" within the broad range. Some patients experience fatigue, a limited exercise tolerance or dyspnea during this transition, but sometimes patients may proceed through this stage with very mild or even no symptoms. The present study demonstrated that with the increase of MR degree the dimensions of the left ventricle increased. It indicates that MR has an influence on the geometry of the left ventricle.
According to previous studies 22, 24 , the left atrial diameter over 50 mm should be considered as an indicator of its marked enlargement. In the present study only in subgroups of patients with the 3rd and 4th degrees of MR the left atrium was significantly enlarged. It is an important observation that leads to the conclusion that a small backflow has little influence on the function and dimensions of the left atrium. At the same stage the left ventricle is already overloaded -it has a bigger mass and diameter, and EF is reduced. It confirms that only advanced stages of MR (3rd and 4th degree) significantly influence the dimension of the left atrium. The study by Gerdts et al. 23 is the first to report that MR is a predictor of left atrium enlargement which should raise awareness about the risk of subsequent atrial fibrillation. 24 (p <0.0001), LV fractional shortening (p <0.0001) and LVEF (p <0.05) were independent predictors of LV mass. The strongest correlation was found between LV mass and endsystolic stress of the left ventricle (r = 0.52, p <0.0001) (FIgURe 5), the degree of MR (r = 0.32, p <0.0001) (FIgURe 4) and LVEF (r = -0.30, p <0.0001) (FIgURe 6). DISCUSSION Currently, valvular heart disease is usually diagnosed at the very early stage, in an asymptomatic period, what is related to the development and widespread availability of transthoracic and transoesophageal echocardiography. 18 In the present study patients with the 1st grade of MR were the largest subgroup, whereas patients with the 4th grade of MR constituted the smallest one. It should be emphasized that in subjects with MR the most important is an early diagnosis of LV dysfunction and regular check-up of patients. The watchful waiting strategy may lead to the necessity of performing corrective procedures before the development of chronic LV failure. 18 In the study group the distribution of MR causes is consistent with data Using the multivariate regression analysis the current study identified predictors that could affect the mass of the LV. It was observed that statistically significant for an increase in LV mass were: the degree of MR (p <0.0001), endsystolic stress of the LV (p <0.0001), LV fractional shortening (p <0.0001) and LVEF (p <0.05). All these parameters can be estimated on echocardiography. Moreover, there was a strong association between LV hypertrophy and age (p <0.0001). The observations presented in the current study are consistent with the results of the Framingham Heart Study 25 where LV volume-overload stages in MR resulted in increased LV dimensions and mass. No other statistical correlations of LV mass and other potential risk factors mentioned in previous papers were observed in the present study.
limitations of the study Although the analysis described in this paper was the retrospective evaluation of consecutive patients with MR listed in the echo database, the authors hope that a large number of included subjects should provide reliable data concerning evaluated correlations. Echocardiography was performed by several echocardiographists, which may have influence on subjective evaluation of ultrasound examinations. However, all the echocardiographists were from one cardiologic center and had a similar approach towards recording and interpreting ultrasound examination.
The key issue arising from the discussed study is that MR is one of the strongest factors correlated with the increase in LV mass. The study confirmed that lower EF and endsystolic stress of LV are associated with increased mass of the LV. It also documented that the degree of MR potently affects dimensions of the left atrium and the LV, and the parameters of cardiac function. 
